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The most varied influences of the course of development through the 
photoperiod are a well-known phenomenon with arthropods, and have been 
studied above all for the insects (Beck 1968). Amongst the arthopods the 
crustaceans have here been little studied. The influence of the photoperiod 
on the development of copepods has only been followed quite incidentally 
(Harding, Marshall and Orr 1951; Einsle 1964; Auvray and Dussart 1967). 
It should therefore be determined experimentally how the photoperiod 
operates in the development of the pelagic, freshwater copepod Cyclops vicinus. 
Material and methods 
Cyclops vicinus was kept in the laboratory for one year under constant 
conditions (20°C, photoperiod. LD16:8, light intensity around. 200 lux). The 
investigations in question were all carried out at 20°C, the light intensity 
constantly amounted to around 1000 lux. Fluorescent tubes of the type 
"Tageslicht" were the light sources. 
Results 
In fig. 1 the ontogeny of Cyclops vicinus is reproduced: on the hatching 
of the nauplii there follow 10 moults, of which 4 take place in the 
nauplius phase (Auvray and Dussart 1967). According to these investigations 
a definite relationship exists between the photoperiod and the processes 
indicated with a continuous line. There are indications that the point of 
the development process marked with a dotted line (development of the eggs 
and proportion of sexes) can also be influenced through the photoperiod; 
however, first further research must bring about a definite explanation 
here. 
1. The time of egg-laying 
Females bearing egg-sacs were isolated and kept in separate culture. The 
cultures were checked for several days towards the beginning and shortly 
before the end of the dark phase. The egg-laying in the light and dark 
phases respectively were added over the entire period of the experiment. 
At each egg-laying (or the hatching) the formation of two egg-sacs by one 
female was perceived,(or, the hatching of all the nauplii out of both the 
egg-sacs of one female). All results of. the frequency of egg-laying (or, 
the hatching frequency) follow in % per hour of light with respect to dark. 
With these experiments it became apparent that with long-day 
conditions significantly more egg-laying results in the dark phase than 
in the light phase. In a period of 16 hours' darkness an equal distribution 
of egg-laying exists between dark and light phases. The egg laying was 
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studied in continuous light for 22 days at 2-hourly intervals as a control. 
Here an equal distribution was likewise attained, for which the deviation 
is however quite large (4.16 + 1.04% egg-laying per hour). The deviations 
from an exactly equal distribution are not however significant 
(n=132; X2=8.28; df=11; p>0.5) (See also Fig. 2A). 
It is not evident, whether egg-laying during the dark phase has a biological 
significance for Cyclops vicinus, and whether a relationship exists between 
vertical migration and egg-laying. Such could very probably be the case for 
Calanus finmarchicus, the copepod hitherto studied singly at the egg-laying 
period (Harding, Marshall and Orr 1951). At night Calanus keeps to layers of 
water near the surface. Up to the hatching of the nauplii the singly-laid 
eggs sink down from here into zones which provide a favourable living area 
for the nauplii. 
2. The hatching-time for the nauplii 
Females bearing egg-sacs were kept in separate cultures and during the light 
phase were checked at 2-hourly intervals. Here it appeared that the hatching 
of the nauplii also depends on the change of light and darkness. 
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In all tested photoperiods significantly more nauplii hatched during the 
light phase than during the dark phase. In no instance was a typical rhythm 
of hatching formed; on the contrary an equal distribution constantly 
resulted during the bright phase (p in all cases between 0.5 and 0.1). The 
higher hatching rates in all photoperiods during the light phase leads 
however to the conclusion that there is a synchronisation in hatching 
during the change of light and darkness, The hatching of the nauplii was 
traced in continuous light as a control for 22 days at 2-hourly intervals. 
There resulted an equal distribution without significant deviations 
(X2=9.92; df=11; p>0.5). An adaptive significance of the hatching during 
the light phase is not obvious; on the contrary the matter ought to be one 
of exclusive expression of a general physiological daily rhythm (Remmert 1962). 
It was made clear in a control experiment that there the light-dark 
alteration is the critical time-setter, and that no other factors are 
correlated with the natural course of the day. In a separate extension of 
the experiment with LD 16:8 (20°C, 1000 lux) the position of the phase at 
12 hours was displaced compared with the natural daily course. Not only 
egg-laying but also hatching of the nauplii resulted with the expected 
frequencies in the expected phases. 
Is an endogenous component the basis of the hatching of the nauplii with 
respect to egg-laying? To test this question 28 females bearing egg-sacs 
were brought out of the photoperiod LD 16:8 (6.00-22.00 hrs. light; 
22.00-6.00 hrs. darkness) into permanent light. The first egg-laying took 
place not now in the time of the former dark phase (22.00-6.00 hrs.), but 
on the contrary in the time of the former light phase (6.00-22.00 hrs.); the 
difference between light and dark phases is certainly not greatly significant: 
n=28, X2=4.59, df=1, 0.05 p 0.02). The ensuing egg-laying occurred then in 
the equal distribution expected from the experiments in continuous light (Fig. 2), 
The experiments were repeated with a larger number of experimental animals, 
in order to show conclusively, whether on the passage from the light-dark 
change to permanent light a reversal of the egg-laying behaviour is initiated 
on the first egg-laying, which with the second and the following egg-laying 
gives way to an equal distribution. 
3. Length of the nauplius and copepod phases. 
Next to the time-giving functions (egg-laying, hatching of the nauplii) the 
photoperiod can also influence the speed of development. The duration of 
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the development of copepods was hitherto almost exclusively considered a 
function of the temperature with respect to the food supply. At this stage 
it could be shown experimentally that the photoperiod also influences the 
speed of developments 2 days after the hatching of the nauplii these were 
isolated and thenceforth kept in a separate culture with different photo-
periods. The temperature amounted to a constant 20 C, the light intensity 
1000 lux. At this there resulted a reduction of the speed of development 
with an increasing number of light hours per 24-hour cycle (Fig.3). The 
total duration of the nauplius phase was lengthened from an average 5.4 
days with LD 4:20 to an average of 10.5 days with continuous light. Each 
mean value is composed of 50 to 133 single values. On the transition from 
short-day to long-day the duration of the development increases by leaps 
and bounds, under long-day conditions the dispersal is also substantially 
larger. 
An equally delayed effect with increased photoperiod has also to be 
determined in the copepod phase. 
4. Dormancy of the copepod stages CIII, CIV and CV. 
The hitherto described connections between photoperiod and length of 
development were comparatively insignificant delays in the occurence of 
moulting. In copepod stages CIII, CIV and CV it can however, come to a 
definite stop in development under the influence of the photoperiod. 
Photoperiods with more than 8 hours of light can in these stages bring 
about dormancy, at which an increasing duration of the light phase causes 
an increase in the frequency of dormancy: with LD 8:16 0% dormancy, with 
continuous light an average of 50% dormancy. In one and the same ontogeny, 
dormancy appears only in one of the named stages, this stage can then 
under experimental conditions last up to 3.5 months, while without dormancy 
it could last 2 to 3 days. In the wild state the dormant phase can be 
lengthened yet more strongly (Einsle 1964). It could be shown experimentally 
that the photoperiod does not only trigger off dormancy, but is also of 
significance for reactivation of dormant animals (Spindler 1969). Dormant 
copepods of stage CIV were brought out of continuous light into the 
photoperiod LD 8:16. Under the influence of a short-day thereater 35% more 
animals had moulted at 16 days at stage CV than in the control experiments 
under continuous light. 
The biological significance of the dormancy for Cyclops vicinus is discussed 
by Einsle (Einsle 1967). 
The significance of the photoperiod for Cyclops vicinus and also other 
pelagic copepods does for example become evident through their distinct 
vertical migrations. That in addition from this the photoperiod is also a 
decisive environmental factor for the entire development could be shown 
by experiment. The fundamental questions of timing and of the physiological 
mechanisms, which are influenced throughout the photoperiod, are still 
completely unclarified. For the control of the occurrence of dormancy there 
exists first and foremost evidence, that a neuro-endocrinal regulation could 
be concerned. 
Discussion 
Hoffmann: The equal distribution of the egg-laying in continuous light 
could come about by the separate individuals no longer being synchronised. 
Equally the displacement of the maximum of the first egg-laying from the 
time of darkness to light could depend on an alteration of the free-running 
period in continuous light. 
Fig. 1. Ontogeny of Cyclops vicinus; NI to NV: the 5 nauplius stages, 
CI to CV: the 5 copepod stages. According to the present investigations 
a continuous line indicates definite relationships between photoperiod and 
corresponding area of development (dotted line - still uncertain). 
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Fig. 2. Distribution of the egg-laying with LD 16:8, continuous light and 
with the transition from LD 16:8 to continuous light. Al) Distribution of 
the egg-laying at the light and dark phase With LD 16:8. Significantly 
higher egg-laying rate in the dark phase. n= 153. A2) Distribution of 
the egg-laying in continuous light on both the time areas 6.00-22.00 hrs. 
and 22.00-6.00 hrs. The discrepancies of the exact equal distribution lie 
within the extent of deviation determined for the continuous light (4.16 + 
1.04% egg-laying per hour). n=132. B Quite separate experiment: 28 females 
bearing egg-sacs were brought from LD 16:8 into continuous light: B l) 1. 
Egg-laying in continuous light with substantially higher egg-laying rates 
in the period 6.00-22.00 hrs. ("previous light phase") than in the period 
22.00-6.00 hrs. ("previous dark phase"). n=28. B 2) 2. Egg-laying in 
permanent light with the equal distribution familiar from A 2). n=14. 
Fig. 3. Duration of the nauplius phase of Cyclops vicinus dependent on 
different photoperiods at 20°C, 1000 lux (n per photoperiod: between 50 
and 133). 
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